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• Mean CMT: weak damping (cumulus friction)
• But standard dev. of CMT is huge!
• Examples demonstrate that both acceleration and deceleration can be intense
Motivation for stochastic models for CMT 1. Convective parameterizations in GCMs usually include only cumulus friction:
• Wu et al. (2007) include a deterministic CMT parameterization and improve the mean climatology
• Goal of present work: to develop a simple stochastic CMT model that includes intermittent intense bursts of CMT as in observations 2. GCMs fail to capture realistic variability of tropical convection
• A stochastic parameterization of convection could improve this
Markov jump process for transitions between regimes 3-state continuous-time Markov jump process
• at each large-scale spatio-temporal location (x, t)
• with transition rates depending on local values of large-scale variables at (x, t)
Denote the discrete, stochastic regime variable by
T ij : transition rate from regime i to regime j based on observations such as LeMone, Zipser, & Trier (1998) Transition rates
T 13 = 0 dry → squall
conv. → dry
• Exponentials capture sensitive dependence on large-scale variables
• τ r , β: model parameters
• Q: cloud heating
• Λ: measures dryness of lower-mid troposphere relative to boundary layer
• ∆U : vertical wind shear Different convective regimes have different CMT
F 3 for r t = 3
Formulas for F 3 and κ motivated by observations, CRM simulations, and a simple multi-scale model ...
Formula for F
Exactly solvable multi-scale model (Majda and Biello, 2004; Biello and Majda 2005; Majda, 2007) 
Choose S ′ θ to include stratiform heating lagging deep convective heating:
Exact solution: 1st, 2nd mode heating generates CMT in the 1st, 3rd modes 
+ evolution equations for θ eb , q, H s and formulas for nonlinear interactive source terms such as convective heating, downdrafts, etc.
Convectively coupled wave simulation 6000-km periodic domain
• to capture a single convectively coupled wave ∆x = 50 km
• representative of a GCM's grid spacing Initial conditions:
• small perturbation to uniform radiative-convective equilibrium solution 
